It has been suggested that magnesium added to the cardioplegic solution may be useful in protecting the heart during the period of deliberate cardiac standstill for open heart surgery. I It has also been suggested that magnesium may be of use in protecting various organs following ischaemic injury. 2 We would like to report a case in which magnesium appeared to be of benefit in a patient whose heart had been subjected to a considerable hypoxic insult.
CASE REPORT
The patient was a 27-year-old man with Marfan's syndrome who presented with a type A aortic dissection with moderately severe aortic incompetence. At the first operation, during cardiopulmonary bypass, his aortic valve was replaced with a Medtronic-Hall valve. Re-anastomosis of the coronary arteries onto a piece of aorta was also necessary due to gross dilatation of the aortic ring. After bypass was discontinued, the heart suddenly failed, possibly in relation to the administration of protamine, and bypass was recommenced to allow the heart to rest after a brief period of cardiac massage. Shortly thereafter, bypass was successfully discontinued, but considerable bleeding occurred which required prolonged compression of all suture lines before adequate haemostasis could be secured. In the postoperative ward bleeding recurred and after about four hours there was a sudden deterioration in blood pressure followed by bradycardia which proceeded to cardiac arrest. Open cardiac massage was needed to restore circulation, and a considerable amount of blood clot was removed from the pericardium. After successful resuscitation in which calcium and adrenaline were given, the bleeding persisted requiring constant transfusion to maintain haemodynamic stability.
A total of three litres of blood was required over a six-hour period. A further episode of hypotension and bradycardia ensued, and a second cardiac arrest occurred. Following successful resuscitation in which calcium and adrenaline were again administered, median sternotomy was urgently performed for the control of haemorrhage, and bypass was reinstituted. The source of bleeding was found to be the right coronary artery which was replaced with a saphenous vein graft. Upon rewarming ventricular fibrillation occurred and following defibrillation the left ventricle appeared to be contracting poorly. Left ventricular wall motion was minimal and the ventricle appeared to be ischaemic and contracted with a reduced chamber volume. Cardiac output was inadequate to allow discontinuation of bypass. Preload (LAP 16 mmHg), afterload (SVR about 1500 dyne.sec.cm -5) and heart rate (paced at 100 bpm) were adjusted with no improvement in cardiac output. On bypass, a mean arterial pressure of 50 mmHg was maintained, but this fell to zero whenever weaning from bypass was attempted.
The heart was allowed a 30-minute rest period on bypass and then inotropic support was instituted using dopamine 5-15 J.jg/kg/min and dobutamine 5-15 J.jg/kg/min. When this combination failed to produce an adequate response, intracardiac calcium was given and an infusion of adrenaline at 8 J.jg/min was started, but no improvement was obtained. The serum potassium remained normal throughout this period and a mild metabolic acidosis (pH 7.22, base excess -6 mEq/l) was present. A glucose and insulin infusion was commenced and vitamin B complex was given. This was done to correct any possible deficit and to provide the co-factors necessary for the normal functioning of the Kreb's cycle, but in this case was without obvious benefit. The left ventricle remained hard and contracted and was unable to maintain an adequate output although the right ventricle was contracting moderately well.
At this point the total failure of myocardial response led to consideration of abandonment of the procedure. In view of this desperate situation and the poor ventricular compliance, 2.0 g of magnesium sulphate was added to the reservoir of the oxygenator. This produced a rapid improvement of ventricular function after approximately five minutes, and bypass was successfully discontinued within fifteen minutes of the magnesium injection. The patient was now able to maintain a mean arterial pressure of 70 mmHg at a heart rate of 90 bpm in sinus rhythm. The adrenaline infusion was withdrawn and the dosages of other inotropes were reduced without reduction in cardiovascular performance. Protamine was administered without any deleterious effect and the patient was transferred to the postoperative unit on 5 J.jg/kg/min of dopamine and no other inotropic support. The patient made a good cardiovascular recovery but was left with some cerebral deficit presumably as a result of his multiple hypoxic episodes.
DISCUSSION
The difficulties experienced in weaning this patient from bypass at the final operation could be explained in terms of the multiple hypoxic episodes to which his myocardium had been subjected and to the extent of direct myocardial trauma as a result of repeated cardiac massages. This would be expected to set in train the pathways of tissue damage thought to be mediated by an increase in cellular calcium levels. 3 The end stage of this progression of events has been described by Cooley, Reul and Wukasch 4 as 'stone heart' and has been regarded as having a universally poor prognosis.
Ischaemic injury to the myocardium has been shown to be accompanied by magnesium losses from the ischaemic cardiac tissue. 5 In addition, the large amount of blood which had been infused would have reduced the serum calcium and resulted in the chelation of large quantities of magnesium. 6 Furthermore, Horton and BiglierF have shown that the stress response itself depletes body stores of magnesium. Singh et al. have shown that myocardial magnesium stores are depleted during open-heart surgery. 8 Consequently, while large quantities of calcium had been given, it is likely that magnesium stores would have remained deficient, and magnesium deficiency is known to predispose to myocardial injury especially in the presence of high levels of catecholamines. 9 In the cardioplegic solution used the level of magnesium is 1.5 mmolll which would not have made any significant contribution to bodily magnesium stores. Indeed, it has been shown that even high-magnesium cardioplegic solutions result in very little elevation of serum magnesium levels. 10 There are several reasons for suspecting that magnesium may be of use in this condition. Since intracellular calcium accumulation is thought to be an important factor in the genesis of ischaemic injury, II the ability of magnesium to prevent calcium influx into the myocardium by competition at the sarcolemmal membrane l2 could be of benefit. Iseri and French 13 have reviewed the action of magnesium within the muscle cell to inhibit the release of calcium from the sarcoplasmic reticulum, to drive calcium into the sarcoplasmic reticulum and to compete with calcium at certain binding sites on troponin-C and myosin. In addition magnesium inhibits the ability of calcium to produce tension and to stimulate myofibrillar ATPase activity. 14 Katz and Tada 15 have pointed out the importance of preservation of ATP in the control of myocardial contracture. Krasner l6 stated that magnesium depletion of the myocardium inhibits oxidative phosphorylation and thus prevents the generation of fresh A TP. Thus magnesium is Anaesthesia and Intensive Care. Vol. 14. No. 3, August, 1986 an essential regulator of many calciummediated intracellular functions, and has been shown to be of benefit in ischaemic injury of the brain and may well be useful in myocardial damage 2 particularly when, as in this case, magnesium stores are likely to be seriously depleted. Seelig has recently reviewed the problem of magnesium depletion in various circumstances and suggested that magnesium might have a role to play in the therapy of 'stone heart' .17 The apparent increase in con tractility which followed the administration of magnesium could have been, at least in part, the result of the correction of the underlying biochemical abnormalities. In addition, magnesium has been shown to be essential for the inotropic action of catecholamines 18 and also to enhance beta-antagonist binding in some tissues. 19 ,20 Furthermore, magnesium is well known to be a vasodilator of both the peripheral and coronary vessels. All of these actions could have contributed to the beneficial effect seen in this patient.
Magnesium has been tried in the therapy of established ischaemic contracture of the myocardium 4 and not found to be of benefit. Cooley et al. 4 suggested that the contracture appears first in the subendocardial myocardium and progresses peripherally toward the epicardial surface. As the contracture becomes extreme, the vertically directed coronary arteries originating from the epicardial vessels are compressed, thus preventing any pharmacological agents from reaching the cellular level. However, in this patient, we presume that the full picture had not developed as the right ventricle was still contracting reasonably well. It is possible, therefore, that sufficient endocardial per fusion was still present to permit access of drugs, and thus to allow magnesium to exert its beneficial effects.
